The first stage of human immunodeficiency virus type 1 (HIV-1) infection involves the fusion of viral and host cellular membranes mediated by viral envelope glycoprotein gp120. Inhibitors that specifically target gp120 are gaining increased attention as therapeutics or preventatives to prevent the spread of HIV-1. One promising new group of inhibitors is the peptide triazoles, which bind to gp120 and simultaneously block its interaction with both CD4 and the coreceptor. In this study, we assessed the most potent peptide triazole, HNG-156, for inhibitory breadth, cytotoxicity, and efficacy, both alone and in combination with other antiviral compounds, against HIV-1. HNG-156 inhibited a panel of 16 subtype B and C isolates of HIV-1 in a single-round infection assay. Inhibition of cell infection by replication-competent clinical isolates of HIV-1 was also observed with HNG-156. We found that HNG-156 had a greater than predicted effect when combined with several other entry inhibitors or the reverse transcriptase inhibitor tenofovir. Overall, we find that HNG-156 is noncytotoxic, has a broad inhibition profile, and provides a positive combination with several inhibitors of the HIV-1 life cycle. These results support the pursuit of efficacy and toxicity analyses in more advanced cell and animal models to develop peptide triazole family inhibitors of HIV-1 into antagonists of HIV-1 infection.
T he global spread of human immunodeficiency virus type 1 (HIV-1), with an annual incidence of 2.6 million cases in 2009, continues to be a serious public health problem and a daunting challenge for the discovery of interventions that can be effective across all human cultures. Among the populations of greatest occurrence and spread, in Africa and Asia, therapeutic drugs such as reverse transcriptase (RT), protease, and integrase inhibitors represent costly options. Currently, only 50% of those medically eligible have access to effective treatment. A vaccine, which would provide an ideal strategy, is not yet available. In the light of these limitations, novel preventatives, such as a topical microbicide or an oral preexposure prophylactic (PrEP), are an urgent goal (13, 37, 51) .
HIV-1 entry into host cells has been proposed as an appealing drug target (50) . HIV-1 infects macrophages and T cells by fusion of the viral membrane with the target cell membrane (4, 19) . The fusion process is mediated by the viral envelope glycoprotein, which is derived from the proteolytic cleavage of a gp160 precursor into the gp120 surface protein and the gp41 transmembrane protein (26, 33, 34, 38) . The initial step of cell entry is initiated by the interaction of gp120 with the T-cell antigen receptor CD4 (2, 15, 44) . CD4 induces conformational changes in gp120 that are postulated to promote subsequent steps in cell-virus fusion, such as binding to the chemokine coreceptor CCR5 or CXCR4 and the exposure of heptad repeat 1 on gp41 (48, 49) . The latter transitions into a gp41 six-helix bundle, ultimately resulting in membrane fusion (6, 28, 36, 55) . Interviral contents, including capsid protein p24 and reverse transcriptase, are released into infected cells after fusion.
Recently, a new group of entry inhibitors that allosterically block gp120 interactions has been developed. One such inhibitor is the small peptide 12p1, which antagonizes gp120 interactions with both CD4 and the coreceptor (5, 17, 23, 24) . A peptide triazole derivative of 12p1, HNG-156, contains a ferrocenyl triazolesubstituted conjugate and binds to monomeric gp120 with an equilibrium dissociation constant (K D ) of 7 nM, in contrast to the 2,600 nM K D value of 12p1 (22, 52) . Both enzyme-linked immunosorbent assay (ELISA) and surface plasmon resonance (SPR) analyses revealed that HNG-156 retained the ability to inhibit the interaction of gp120 with both CD4 and the coreceptor and inhibited HIV-1 BaL entry with a nanomolar 50% effective concentration (EC 50 ) (22) . Additionally, a sequence-minimized form of the peptide was found to retain much of its antiviral potency at a substantially reduced size (52) .
In this study, we explored the antiviral breadth and combination potential of the peptide triazoles. We tested HNG-156 and a smaller derivative against a panel of subtype B and C isolates of HIV-1 and found that HNG-156 was able to inhibit the majority of the viruses tested, as well as replication-competent clinical isolates. The smaller peptide was also able to inhibit most of the isolates tested, albeit at higher concentrations. Because the most effective treatment for HIV-1 is the use of a cocktail of multiple drugs targeting the virus, we combined HNG-156 with other entry inhibitors as well as with the RT inhibitor tenofovir. We demonstrated that HNG-156 can be paired with any candidate and that it can be favorably combined with many entry inhibitors at the higher concentrations likely to be used as treatment. Overall, we find that HNG-156 is noncytotoxic and effective and has the po-Coomassie staining (Invitrogen) and were found to be Ͼ95% homogeneous.
CVN production. Cyanovirin-N (CVN) was produced as described previously (35) . In brief, BL21 CodonPlus (DE3) RIL competent cells (Stratagene) expressing CVN were grown in Superbroth supplemented with 1 mM MgSO 4 , 0.5% glucose, and 25 g/ml kanamycin. Protein expression was induced with 1 mM isopropyl-␤-D-thiogalactopyranoside (IPTG) for 2 h at 37°C. The cells were then centrifuged at 3,000 rpm, and protein was isolated from the periplasmic space by osmotic shock. The protein was fractionated over nickel-nitrilotriacetic acid (NTA) agarose beads (Qiagen) by using the manufacturer's protocol. The column flowthrough containing purified CVN was pooled and dialyzed into 1ϫ PBS (pH 7.4) overnight at 4°C. The protein was determined by silver staining to be Ͼ95% pure.
Pseudovirus production and inhibition using a single inhibitor. Envelope-pseudotyped luciferase reporter viruses were produced utilizing envelope expression vectors cotransfected into 293T cells with calcium phosphate precipitation (Profection mammalian transfection system; Promega) or Fugene reagent (Qiagen) together with the envelopedeficient pNL4-3-lucϩenvϪ provirus developed by N. Landau (10) . Culture supernatants containing pseudotyped particles were collected 48 to 72 h after transfection, clarified by centrifugation, aliquoted, and stored at Ϫ80°C until use. The titers of viruses were determined on HOS.CD4.R5 cells, and normalized concentrations were used for all experiments.
For inhibition experiments, the pseudotype stocks were first incubated with the inhibitor at 37°C for 30 to 45 min. The virus-inhibitor mixture was then added to the target cells and was returned to a 37°C incubator with 5% CO 2 . Assays with the panel of subtype B and C envelopes were performed in the presence of 1.5 g/ml DEAE-dextran. At 48 to 72 h postinfection, these cells were washed with PBS and were lysed using a combination of Passive Lysis buffer (Promega) and freeze-thaw cycles. The lysate was then combined with luciferase buffer (15 mM KPO 4 [pH 7.8], 15 mM MgSO 4 , 1 mM ATP, 1 mM dithiothreitol [DTT] ) and D-luciferin salt. Luciferase activity was detected using a 1450 Microbeta Jet liquid scintillation and luciferase counter (Wallac). Studies using 92UG037, 96ZM65, and 92BR025 envelopes were performed as described above, except that luciferase activity was detected using a Luciferase assay system (Promega).
Inhibition of infection with replication-competent HIV-1. TZM-bl cells (41, 42) (5 ϫ 10 4 cells/well), cultured overnight, were pretreated with HNG-156 for 1 h prior to exposure either to HIV-1 BaL or to one of three CCR5-utilizing HIV-1 clades designated 92RW009 (A1), 97ZA003 (C5), and D107 (Uganda Primary) in the presence of the compound. After 24 h, cells were washed, lysed, and frozen prior to the determination of luciferase expression (Stratagene, United Kingdom). Viral stocks were quantified by 50% tissue culture infective dose (TCID 50 ) titrations on TZM-bl cells.
Inhibition using inhibitor combinations. The compounds were combined at a fixed ratio based on their half-maximal effective concentrations (EC 50 s) and were added to luciferase-expressing HIV-1 BaL for 30 min at 37°C. The mixture was then added to HOS cells expressing CD4 and the appropriate coreceptor and was incubated at 37°C under 5% CO 2 . After 48 to 72 h, the cells were washed with PBS and were lysed with Passive Lysis buffer (Promega) combined with three freeze-thaw cycles. The lysate was combined with luciferase buffer (15 mM KPO 4 [pH 7.8], 15 mM MgSO 4 , 1 mM ATP, 1 mM DTT) and D-luciferin salt. Luciferase activity was detected using a 1450 Microbeta Jet liquid scintillation and luciferase counter (Wallac).
The results of the combination studies were analyzed using CalcuSyn software (Biosoft). This software uses the median-effect equation developed by Chou and Talalay (8, 9) to create dose-effect curves for the drugs alone or in combination. The x intercept and slope of the curves are then used to calculate the combination index (CI) for the inhibitor combinations. We used the following equation for non-mutually nonexclusive drugs: In vitro cytotoxicity. Cytotoxicity assays were performed under conditions identical to those used for the viral inhibition assay. HOS.CD4.CCR5 cells were seeded 24 h in advance of the addition of the HNG-156 at twofold dilutions starting at 500 M. The inhibitor solution remained on the cells for 24 h prior to the removal of the inhibitor and the addition of fresh medium. The cells were subsequently washed and assessed for viability using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay of viability (described in reference 29). Concentrations were tested in three independent assays.
RESULTS
Range of activity of the peptide triazoles. HNG-156 has been shown previously by both single-round and replicationcompetent virus assays to inhibit infection by HIV-1 BaL , a subtype B isolate (22, 52) . However, patients in the regions of the world most desperately in need of a preventative against HIV-1, such as sub-Saharan Africa, are infected primarily with subtype C or A strains of the virus. We sought to expand on our previous analysis by including a wider array of strains and subtypes of HIV-1 so as to assess the usefulness of the peptide against more globally relevant viruses. We initially performed a recombinant single-round assay using subtype B (31, 53, 54) and subtype C (12, 32, 56) reference panels from the NIH AIDS Reagent and Reference Repository as well as several other individual subtype A, B, and C envelopes. HNG-156 was able to inhibit subtype B viruses in the range of 0.02 to 33 M and some subtype C viruses in the range of 11 to 36 M (Table 1) . Other subtype C viruses (CAP45.2, ZM53M, 96ZM651, and 92BR025) were inhibited at higher, although still quantifiable, EC 50 s. The peptide inhibited subtype A viruses less potently, with EC 50 s ranging from 45 to 84 M (Table 1) . HNG-156 was unable to inhibit viruses pseudotyped with an envelope from vesicular stomatitis virus glycoprotein (VSV-G) or simian immunodeficiency virus (SIV) ( Table 1 ) (52), indicating that its inhibitory action is specific to the HIV-1 envelope.
Given these promising results, we next determined whether a truncated version of HNG-156, UM-24, could also inhibit this expanded panel of viruses. This seven-residue peptide was created to elucidate the active core of HNG-156 (52) and inhibits HIV-1 BaL with a roughly 15-fold reduction in potency. UM-24 was able to inhibit most subtype B viruses tested (Table 1 ) with EC 50 s in the range of 1 to 53 M. However, it had greatly diminished potency against 2 strains that the larger compound HNG-156 was able to inhibit (PVO and TRO.11) ( Table 1 ). UM-24 was able to inhibit 6 of 8 subtype C strains of HIV-1 tested. While UM-24 was less potent than HNG-156, it also behaved more consistently against the different strains against which it was tested. For example, against comparable subtype C viruses, HNG-156 showed a 19-to 100-fold decrease in efficacy, while UM-24 showed a 2-to 10-fold decrease. Additionally, even in cases where the EC 50 of UM-24 was higher than 100 M, there was still a clear-cut trend toward inhibition of infection.
It has been estimated that infection by a single transmitted or early founder (T/F) virus occurs in 60 to 90% of cases of heterosexual transmission (27, 46, 47) . Therefore, we assessed the abilities of both HNG-156 and UM-24 to inhibit viruses pseudotyped with envelopes from the subtype C T/F viruses ZM246F, ZM247F, and ZM249M (Table 1 ). HNG-156 was able to inhibit all three viruses with EC 50 s ranging from 6 to 60 M, while UM-24 was able to inhibit two of the three viruses. These values are comparable to, or slightly better than, the overall efficacy that we observed with the peptide triazoles against subtype C viruses.
Inhibition of replication-competent HIV-1. HNG-156 was then tested for its ability to inhibit infection of TZM-bl cells (41, 42) by fully infectious clinical isolates representing subtype A, B, C, or D (39). The peptide was able to inhibit all of the viruses tested ( Fig. 1; Table 2 ), with EC 50 s in the range of 0.005 to 0.65 M. It should be noted that HNG-156 was substantially more potent against fully infectious viruses than it was against single-round recombinant viruses, with EC 50 s for HIV-1 BaL of 5 nM and 0.6 M, respectively. This is consistent with previous reports (22, 52) that demonstrated increased potency against replicationcompetent viruses. This discrepancy cannot be attributed to differences in cell lines, since the single-round experiment was repeated with the TZM-bl cell line used in the replicationcompetent virus assay, with similar results (data not shown).
HNG-156 toxicity studies. We assessed the toxicity of HNG-156 by using both P4.CCR5 and HOS.CD4.CCR5 cells under the conditions used to determine antiviral potency. No toxicity was observed in P4.CCR5 cells at an HNG-156 concentration of 50 M for 2 h of continuous exposure or in HOS.CD4.CCR5 cells at concentrations as high as 500 M for 24 h of continuous exposure (data not shown). These results were subsequently used to estimate an in vitro therapeutic index (TI), which measures the HNG-156 concentration that results in 50% cytotoxicity (CC 50 ) over the concentration needed for 50% efficacy (TI ϭ CC 50 /EC 50 ). Since the peptide exhibited no toxicity at any doses tested, we can extrapolate a TI value of Ͼ600 for P4-CCR5 cells and Ͼ850 for HOS.CD4.CCR5 cells. Combination of HNG-156 with inhibitors that target viral entry. An effective preventative for HIV-1 will likely contain a combination of inhibitors to improve the efficacy of the treatment and to reduce risk from developing resistance mutations. Ideally, this combination will contain two compounds that cooperatively inhibit HIV-1 infection to produce a potency greater than that expected from either compound alone. All compounds were first assessed separately to determine the dose-response activity profile of each agent in inhibiting the infection of HOS.CD4.CCR5 cells by HIV-1 BaL . The EC 50 s calculated from these results were used to establish a combination molar ratio. Compounds were compared either alone or in combination, and the results were analyzed using CalcuSyn software (8, 9) .
To ensure that HNG-156 could be used with newly emerging entry inhibitors, we combined it with inhibitors that target each stage of the entry process, as well as several carbohydrate binding proteins that target gp120. For entry inhibitors, we used sCD4 (11, 18) and maraviroc (14) , which block the interaction of gp120 with CD4 and the coreceptor, respectively. We used C34 (20) as an inhibitor of fusion. Combinations of HNG-156 with sCD4 or C34 were additive at both the EC 50 and the EC 90 ( Table 3 ), indicating that the use of HNG-156 in combination with either of these inhibitors would have no detrimental effect. When HNG-156 was combined with the coreceptor antagonist maraviroc, it demonstrated a CI value of 0.56 at the EC 90 , indicative of synergy (Table  3) . This corresponds to a 4-to 6-fold dose reduction (Table 4) . This result was confirmed with combinations of HNG-156 and TAK-779 (Tables 3 and 4) , which also exhibited synergy at the EC 90 but a more muted effect at the EC 50 . It should be noted that both maraviroc and TAK-779 block the interaction of gp120 with the coreceptor by binding directly to CCR5, in contrast to HNG-156, which binds to gp120. Currently, all effective coreceptor antagonists function by targeting the chemokine receptor itself, and therefore, we did not test combinations of HNG-156 with gp120 binding coreceptor antagonists. Finally, combinations of HNG-156 with the lectin cyanovirin-N or griffithsin, or with the highmannose binding antibody 2G12, were synergistic at both the EC 50 and the EC 90 ( Fig. 2A ; Tables 3 and 4) . High mannose refers to the type of carbohydrate unit containing 5 to 9 mannose residues and no sialic acid.
Combination of HNG-156 and tenofovir. Tenofovir has demonstrated some preliminary success as a topical microbicide (1), as part of oral preexposure prophylaxis (PrEP) (25) , and as a component of antiretroviral therapy (43) . We therefore wanted to determine whether HNG-156 could potentially be used in combination with this compound. The two inhibitors target different viral proteins and different stages of the HIV-1 life cycle, and we hypothesized that they should not exhibit any degree of crossresistance. We found that HNG-156 was additive with tenofovir at the EC 50 and synergistic at the EC 90 ( Fig. 2B ; Tables 3 and 4) . This corresponded to dose reductions of 4-fold for tenofovir and 7-fold for HNG-156 at the EC 90 .
Inhibition of transmitted founder viruses by HNG-156 combinations. We next wanted to determine whether the favorable combination effect observed against HIV-1 BaL could also be seen in other strains of HIV-1, such as the T/F viruses. For this analysis, we chose combinations of HNG-156 with CVN or tenofovir (Table 5). We found that HNG-156 and CVN were synergistic at all doses against strain ZM247F fs, while the effect against ZM246F.C1G was more muted, with moderate synergism to additivity. HNG-156 and tenofovir were moderately synergistic against ZM247F fs and moderately synergistic to additive against ZM246F.C1G.
DISCUSSION
There is an urgent need for novel compounds that target HIV-1-specific proteins and prevent infection. HNG-156 is a small pep- tide that binds to gp120 and prevents viral entry by a novel mechanism that includes blocking the interaction of gp120 with both of its receptors. In this study, we explored the potential of HNG-156 by assessing its efficacy, cytotoxicity, and ability to be combined with other inhibitors. We demonstrated that HNG-156 is able to inhibit a broad range of viruses, including the globally relevant subtype C strains. We also showed that HNG-156 can be combined with other antiretrovirals and should be considered for development as a topical microbicide. An effective preventative against HIV-1 will need to inhibit subtypes of the virus that are prevalent in the regions of the world, such as sub-Saharan Africa, that have the greatest incidence of Table 1 , footnote a, for data treatment. c Dose reduction index (DRI) values for each inhibitor within the combination were calculated using CalcuSyn software.
infection. We therefore tested HNG-156 and its smaller derivative UM-24 against a panel of subtype C isolates. HNG-156 was able to inhibit all of the strains tested, including transmitted or early founder viruses. The significantly smaller compound UM-24 was able to inhibit 6 of 8 strains over the dose range tested, and the dose inhibition curves for the two outliers suggested that infection with these viruses would have been inhibited over a broader dose range. Interestingly, while UM-24 is less potent than the larger compound HNG-156, it exhibited less variation in the extent of inhibition of viruses pseudotyped with different envelopes. One possible explanation for this is that the binding site for the larger peptide triazoles could be partially occluded or disrupted in some of the subtype C isolates. The substantially smaller compound UM-24 may be able to access its binding site more easily than HNG-156. This result is consistent with the possibility that smaller peptidomimetics of peptide triazoles could viably access a common, localized neutralization site within the peptide triazole binding region. Given the promising results obtained using pseudotyped virus, we expanded our study to include replication-competent clinical isolates of HIV-1. We found that HNG-156 was able to inhibit all of the viral isolates tested. Interestingly, HNG-156 was significantly better at inhibiting replication-competent virus than pseudotyped viruses, as exemplified by the nearly 100-fold reduction in the level of HIV-1 BaL in this study. The results obtained from the replication-competent virus studies closely mirror the calculated K D for HNG-156 (22, 52), 5 nM versus 7 nM, respectively. We confirmed that this result was not due to the TZM-bl cell line used in the replication-competent virus experiment (data not shown). These results were also observed in previous work (22, 52) , which demonstrated that HNG-156 is more potent against replication-competent viruses. We speculate that this could be due to a higher number of envelope spikes on the single-round virus than on fully infectious virus. The number of envelope spikes on a replication-competent virus is predicted to be 7 to 14 (7, 30, 57) , whereas we believe that the pseudoviral preparations used in this study have significantly greater concentrations of both free and virally incorporated envelope. The differences between the plasmid types and backbone-to-envelope ratios used in different laboratories make it difficult to draw a global conclusion about how much envelope will be incorporated into a given pseudoviral preparation. Additionally, the preparations used in this study were not purified and likely contain an elevated concentration of Serial dilutions of HNG-156, CVN, or TDF, alone or in combination, were added to HIV-1 BaL for 30 min prior to addition to HOS.CD4.CCR5 cells. The data were normalized to an uninhibited control, which was set to 100% infected, and thus represent a reduction in infection relative to the control. Data were fit to a logistic model using Origin, version 8.0. Curves representing the combined inhibitors were plotted based on the concentration of HNG-156, CVN, or tenofovir. The data shown are means Ϯ standard errors of the means for three independent experiments, where each condition was tested in triplicate. unincorporated envelope. In support of this, when we ran our pseudoviral preparations over a density gradient, we observed substantial concentrations of both free and virally incorporated gp120. HNG-156 is believed to bind to a location close to, but not overlapping, the CD4 binding site. Current research on HNG-156 suggests that strong resistance is conferred by D474A and T257A substitutions on gp120. This result was demonstrated by both single-round inhibition experiments and the loss of direct binding determined by surface plasmon resonance (SPR) (F. Tuzer, unpublished data). While T257 is conserved among the envelopes tested, a natural substitution of D474N is commonly found in many of the envelopes used in this study. There appeared to be no correlation between the concentration of peptide needed for 50% inhibition and the presence of either asparagine or aspartic acid at residue 474. Alignment of the amino acid sequences of the tier 2 subtype B or C panel did not reveal any specific variation that corresponded to a loss of antiviral potency.
A successful antiretroviral formulation will likely contain a combination of several inhibitors. We therefore wanted to ensure that the peptide triazole could be combined with other inhibitors. Several methods can be used to analyze drug combinations. For our studies, we used the method of Chou and Talalay, based on the median-effect principle, using the formula for nonexclusive drug combinations (8, 9) . The results obtained by this method do not always correlate with those of other methods used to calculate drug combinations (40) . We therefore also represented the dose reduction seen with our compounds in combination by comparison with the effect of the individual compound alone. Since drug combinations will likely be made with the maximal amount of soluble compound and not at the EC 50 , we put more weight on results from the EC 90 analysis. Although this value does not represent the concentrations likely to be used in formulations, it provides an easily quantifiable starting point for the assessment of synergy.
HNG-156 was combined with a number of inhibitors that target distinct stages of the entry process. HNG-156 demonstrated the predicted inhibition profile with both sCD4 and C34 but showed greater than predicted inhibition when combined with the coreceptor inhibitor maraviroc or TAK-779. The CI values in the latter cases were 0.83 to 0.87 at the EC 50 and 0.56 at the EC 90 , representing a modest but consistent improvement in efficacy. A previous investigation looking at combinations of the anti-CCR5 monoclonal antibody PA14 and the small-molecule inhibitor TAK-779 or SCH-C found that the combinations were synergistic at both the EC 50 and the EC 90 (45) , with CI values of 0.25 or 0.06 at the EC 50 and 0.57 or 0.17 at the EC 90 , respectively. The authors speculated that this was due to inhibition of temporally distinct phases of coreceptor binding. HNG-156 appears to inhibit the formation of the coreceptor binding site on gp120 (22) , while maraviroc blocks the formation of the binding site on CCR5 (21) . The favorable efficacy of HNG-156 in combination with maraviroc or TAK-779 may be due to inhibition of spatially and temporally distinct phases of coreceptor binding.
Compounds that target carbohydrate residues on gp120 are potent and broadly neutralizing and have been proposed as potential entry inhibitors for the prevention of HIV-1 infection. We knew from past studies that 12p1, the parent peptide of HNG-156, synergized with CVN, a small protein lectin that binds high mannose residues on gp120. We expanded on this study to look at combinations of HNG-156 with CVN; with griffithsin (GRFT), a lectin that is able to potently inhibit diverse isolates of HIV-1 without the toxicity concerns of CVN; and with the high-mannose binding antibody 2G12. We found that HNG-156 was able to synergize with all three lectins. A number of newly emerging carbohydrate binding agents are being proposed as potential drug leads (3). HNG-156 may be a suitable partner for any of these compounds, and an expanded analysis should be considered.
We next tested the effect of HNG-156 with the RT inhibitor tenofovir. Since the two inhibitors target different proteins that act at different stages of the entry process, we hypothesized that they would not interfere with each other. When we combined HNG-156 and tenofovir, we were surprised to see a modest level of synergy between the two compounds against HIV-1 BaL (CI at the EC 90 , 0.62). The mechanism behind the favorable effect of the combination of tenofovir and the peptide is difficult to explain. However, these findings are not without precedent, since a recent study demonstrated that tenofovir was able to synergize with carbohydrate binding agents such as 2G12 (CI at the EC 90 , 0.18) and the coreceptor antagonist maraviroc (CI at the EC 90 , 0.53) against HIV-1 BaL infection of peripheral blood mononuclear cells (PBMCs) (16) .
Overall, this study demonstrated that the peptide triazole HNG-156 has broad anti-HIV-1 activity and is noncytotoxic. HNG-156 combined well with all of the inhibitors with which it was tested. While the synergy seen with HNG-156 was generally modest, it was also consistent. These results argue in favor of future efforts to develop the peptide triazole family of gp120 antagonists as effective inhibitors of HIV-1 transmission.
